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1 Introduction



Introduction

In 2023, BESIII reported the first determination of the quantum numbers of the D∗
s meson.

Ablikim et al. Phys. Lett. B 846, 138245Citation: S. Navas et al. (Particle Data Group), Phys. Rev. D 110, 030001 (2024)
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Introduction

The width of D∗s is still not determined!

Citation: S. Navas et al. (Particle Data Group), Phys. Rev. D 110, 030001 (2024)
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Introduction

The dominant decay modes of the D∗
s are the radiative decay D∗

s → Dsγ (M1 transition) and the
isospin-violating decay D∗

s → Dsπ
0.Citation: S. Navas et al. (Particle Data Group), Phys. Rev. D 110, 030001 (2024)
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BESIII has provided the most precise measurement of branching fraction of
B(D∗+

s → D+
s π

0) relative to B(D∗+
s → D+

s γ)

B(D∗+
s → D+

s π
0)/B(D∗+

s → D+
s γ) = (6.16± 0.43± 0.18)%. (1)

Ablikim et al. Phys. Rev. D 107, 032011
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Introduction

The radiative decay D∗
s → Dsγ has been well defined in the constituent quark

model and there have been a lot of studies of the radiative transition.
Aliev, Iltan, and Pak Phys. Lett. B 334, 169–174
Yu, Li, and Wang Eur. Phys. J. C 75, 243
Deng, Chen, and Deng Chin. Phys. C 38, 013103
Donald et al. Phys. Rev. Lett. 112, 212002
Fayyazuddin and Mobarek Phys. Rev. D 48, 1220–1224
Goity and Roberts Phys. Rev. D 64, 094007
Kamal and Xu Phys. Lett. B 284, 421–426

Wang et al. Phys. Rev. D 100, 016019
Cheng et al. Phys. Rev. D 49, 5857–5881
Choi J. Korean Phys. Soc. 53, 1205
Tran et al. Chin. Phys. C 48, 023103
Cheung and Hwang Eur. Phys. J. C 76, 19
Meng et al. Phys. Rev. D 109, 074511

The isospin-violating decay D∗
s → Dsπ

0 has not yet been broadly investigated.
Several works have been dedicated to this issue based on the η − π0 mixing.
Cho and Wise Phys. Rev. D 49, 6228–6231
Ivanov arXiv hep-ph/9805347,

Terasaki arXiv 1511.05249,
Cheung and Hwang Eur. Phys. J. C 76, 19

Recently, a heavy meson chiral perturbation theory calculation was presented with the O(p3) loop
corrections, and it was found that the O(p3) corrections may actually be significant. Yang et al. Phys.
Rev. D 101, 054019.
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Introduction

Our Work
The isospin-violating decay D∗+

s → D+
s π

0 and the radiative decay D∗+
s → D+

s γ are studied
simultaneously with the intermediate meson loops.

The isospin-violating decay D∗+
s → D+

s π
0

η − π0 mixing as the leading order and D(∗)K(∗) rescatterings with or without the η − π0 mixing as
the next-to-leading order are considered.

The radiative decay D∗+
s → D+

s γ

In the same frame work of the isospin-violating decay D∗+
s → D+

s π
0 with the

vector-meson-dominance(VMD) model.

J. Wang· Combined study of the isospin-violating decay D∗
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2 Formalism



Formalism

Isospin-violating through η − π0 mixing

For the process D∗+
s → D+

s η, the corresponding effective Lagrangian is

LD∗
sDsη = igD∗DP sinαPDs(D

∗
s)µ∂

µη . (2)

where αP = 40.6◦ is the η − η′ mixing angle in the SU(3) flavor basis.
For the η → π0 process, we use the η − π0 mixing angle θηπ0 which is given by the leading order
chiral expansion

tan
(
2θηπ0

)
=

√
3

2

md −mu

ms − m̂
. (3)

where m̂ = (mu +md)/2. Gasser and Leutwyler Nucl. Phys. B 250, 465–516
Since θηπ0 is very small, we take

θηπ0 ≃
√
3

4

md −mu

ms − m̂
. (4)
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Formalism

Effective Lagrangians

L =− igD∗DP(Di∂µPijD∗j†
µ −D∗i

µ ∂
µPijDj†) +

1

2
gD∗D∗Pεµναβ D∗µ

i ∂νPij
←→
∂ αD∗β†

j

−igDDVD†
i

←→
∂ µDj(Vµ)ij − 2fD∗DVϵµναβ(∂

µV ν)ij(D
†
i

←→
∂ αD∗βj −D∗β†

i

←→
∂ αDj)

+igD∗D∗VD∗ν†
i

←→
∂ µD∗j

ν (Vµ)ij + 4ifD∗D∗VD∗†
iµ(∂

µVν − ∂νVµ)ijD∗j
ν ,

(5)

where D and D∗ represent the pseudoscalar and vector charm meson fields, respectively, i.e.

D = (D0, D+, D+
s ), D∗ = (D∗0, D∗+, D∗+

s ), (6)

P and V are 3× 3 matrices representing the pseudoscalar nonet and vector nonet meson fields

P =


sinαP η

′+cosαP η+π
0

√
2

π+ K+

π− sinαP η
′+cosαP η−π0

√
2

K0

K− K̄0 cosαP η′ − sinαP η

V =


ρ0+ω√

2
ρ+ K∗+

ρ− ω−ρ0√
2

K∗0

K∗− K̄∗0 ϕ


(7)

Casalbuoni et al. Phys. Rept. 281, 145–238Cheng, Chua, and Soni Phys. Rev. D 71, 014030
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Formalism

For the light hadron vertices, we adopt the following effective Lagrangian:
LV PP =igV PP Tr[(P∂µP − ∂µPP)Vµ],
LV V P =gV V P εαβµν Tr[∂αVµ∂βVνP],
LV V V =igV V V Tr[(∂µVν − ∂νVµ)V µV ν ].

(8)

The following coupling constants are adopted:

gD∗D∗π =
gD∗Dπ√
mDmD∗

=
2g

fπ
, gDDV = gD∗D∗V =

βgV√
2
, fD∗DV =

fD∗D∗V

mD∗
=
λgV√

2
,

gD∗DsK =

√
mDs

mD
gD∗Dπ, gDsDV =

√
mDs

mD
gDDV ,

gD∗
sDsη√

mD∗
s
mDs

=
gD∗Dπ sinαP√

mD∗mD

gD∗
sDK

=

√
mD∗

s

mD∗
gD∗Dπ, gV =

mρ

fπ
, gD∗D∗K =

gD∗DK√
mDmD∗

=
2g

fK
,

gD∗D∗
sK

∗ =

√
mD∗

s

mD∗
gD∗D∗V , fD∗D∗

sK
∗ =

√
mD∗

s

mD∗
fD∗D∗V , .

(9)

where g = 0.59, β = 0.9, fπ = 132MeV, fK = 155MeVand λ = 0.56GeV−1.
Cheng, Chua, and Soni Phys. Rev. D 71, 014030Zhang,
Li, and Zhao Phys. Rev. Lett. 102, 172001

Wang, Li, and Zhao Phys. Rev. D 85,
074015Isola et al. Phys. Rev. D 68, 114001
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Formalism

The relative strengths and phases of the coupling constants for vector and scalar mesons can be
determined by SU(3) flavor symmetry relations, and expressed by overall coupling constants gV V P
and gV PP Cao and Zhao Phys. Rev. D 109, 093005,

gK∗+K∗−π0 = −gK∗0K̄∗0π0 =
1√
2
gV V P ,

gK∗0K̄0π0 =− gK∗0π0K̄0 = gK̄∗0π0K0 = −gK̄∗0K0π0 =
1√
2
gV PP ,

gK∗+π0K− =− gK∗+K−π0 = gK∗−K+π0 = −gK∗−π0K+ =
1√
2
gV PP .

(10)
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Formalism

Tree and loop transition amplitudes of D∗+s → D+
s π

0

The tree-level amplitude is given by

iMtree = igD∗
sDsηεD∗

s
· p3θηπ0 = igtreeεD∗

s
· (p2 − p3),

where gtree ≡ gD∗
sDsηθηπ0/2.

D∗+
s (p1)

D+
s (p2)

π0(p3)

η

The loop diagrams at one-loop level without η − π0 mixing:

D∗+
s (p1)

D+
s (p2)

π0(p3)

(a)

D(K)(q1)

K(D)(q2)

K∗(D∗)(q3)
D∗+

s (p1)

D+
s (p2)

π0(p3)

(b)

D∗(K∗)(q1)

K∗(D∗)(q2)

K(D)(q3)
D∗+

s (p1)

D+
s (p2)

π0(p3)

(c)

D∗(K∗)(q1)

K(D)(q2)

K∗(D∗)(q3)

D∗+
s (p1)

D+
s (p2)

π0(p3)

(d)

D(K)(q1)

K∗(D∗)(q2)

K∗(D∗)(q3)
D∗+

s (p1)

D+
s (p2)

π0(p3)

(e)

D∗(K∗)(q1)

K∗(D∗)(q2)

K∗(D∗)(q3)
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Formalism

For example , for the first diagram, the transition
amplitudes are given below, with a UV cutoff
F(q2i ) =

∏
i

(
Λ2
i −m2

i

Λ2
i − q2i

)
, and Λi ≡ mi + αΛQCD,

ΛQCD = 220MeV.

D∗+
s (p1)

D+
s (p2)

π0(p3)

(a)

D(K)(q1)

K(D)(q2)

K∗(D∗)(q3)

iMa(D,K,K∗) =

∫
d4q3
(2π)4

gD∗
sDKq2 · εsgDsDK∗(q1 + p2)α

(
gαβ − qα3 q

β
3

m2
3̄

)
gK∗Kπ(p3 + q2)β

(q21 −m2
1)(q

2
2 −m2

2)(q
2
3 −m2

3)
F(q2i ),

(11)

iMa(K,D,D∗) =

∫
d4q3
(2π)4

gD∗
sDKgD∗DsKgD∗Dπq1 · εsqµ1

(
gµν − q3µq3ν

m2
3

)
pν3

(q21 −m2
1)(q

2
2 −m2

2)(q
2
3 −m2

3)
F(q2i ). (12)
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Formalism

The loop diagrams at one-loop level with η − π0 mixing:

D∗+
s (p1)

D+
s (p2)

π0(p3)η
(a)

D(K)(q1)

K(D)(q2)

K∗(D∗)(q3)

η

D∗+
s (p1)

D+
s (p2)

π0(p3)

(b)

D∗(K∗)(q1)
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K(D)(q3)

η

D∗+
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D+
s (p2)

π0(p3)
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η

D∗+
s (p1)

D+
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π0(p3)

(d)

D(K)(q1)
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η

D∗+
s (p1)

D+
s (p2)

π0(p3)

(e)

D∗(K∗)(q1)

K∗(D∗)(q2)

K∗(D∗)(q3)

iMa(D,K,K∗, η) =iMa(D,K,K∗) ·
gKK∗ηθηπ0

gKK∗π
,

iMa(K,D,D∗, η) =iMa(K,D,D∗) ·
gD∗Dηθηπ0

gD∗Dπ
.

(13)
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Formalism

Power counting of the loop amplitudes:
Assuming the intermediate mesons are close to being on-shell, the propagator reads

1/(t−m2
3) ≃ −1/m2

3 (14)

The integrand counts:
(v5/v4)× pπ · pDs/m

2
3 ≃ vEDsEπ/m

2
3 (15)

For the two loop amplitudes which cancel each other, we have

vEDs
Eπ(1/m

2
K∗± − 1/m2

K∗0) ≃ vEπδK∗/m2
K∗ ≃ v(mπ/mK∗)︸ ︷︷ ︸(δK∗/mK∗)︸ ︷︷ ︸,

loop power suppression Isospin breaking term
(16)

with δK∗ ≡ mK∗0 −mK∗± . The loop amplitude can be expressed as

iMloop = igloopεD∗+
s
· (p2 − p3). (17)

The total amplitude can be written as

iMD∗+
s →D+

s π0 = i(gtree + gloop)εD∗+
s
· (pD+

s
− pπ0) ≡ igtotalεD∗+

s
· (pD+

s
− pπ0) . (18)
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Formalism

Tree and loop amplitudes of D∗+s → D+
s γ in the VMD model

The radiative decay of D∗+
s and its loop correction can be

evaluated in the same framework

iMγ
tree = igγtree(γ)εµναβp

µ
1p
ν
3ε
α
1 ε
β
3 , (19)

where gγtree can be calculated using the VMD model,

gγtree = igD∗
sDsV

em2
V

fV
GV (20)

with

GV ≡
−i

p2γ −m2
V + imV ΓV

=
−i

−m2
V + imV ΓV

. (21)

D∗+
s (p1)

D+
s (p2)

γ(p3)

V

where V = ρ, ω, ϕ, and e/fV can be determined by experimental data of ΓV→e+e− :

e

fV
=

[
3ΓV→e+e−

2αe|pe|

] 1
2

(22)
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Formalism

To match the coupling constants in HQEFT, we have

gD∗
sDsV = 4fD∗

sDsV . (23)

For the tree level V = ϕ, J/ψ, the coupling constant can be extracted:

gD∗
sDsγ = i

(
gD∗

sDsϕ

em2
ϕ

fϕ
Gϕ + gD∗

sDsψ

em2
ψ

fψ
Gψ

)
, (24)

with gD∗
sDsψ = 2gJψDD̄/M̃, M̃ =

√
MD∗

s
MDs

Zhang, Li, and Zhao Phys. Rev. Lett. 102, 172001.
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Formalism

Loop amplitudes based on the VMD:

D∗+
s (p1)

D+
s (p2)

γ(p3)
V

(a)

D(K)(q1)

K(D)(q2)

K∗(D∗)(q3)

V

D∗+
s (p1)

D+
s (p2)

γ(p3)

(b)

D∗(K∗)(q1)

K∗(D∗)(q2)

K(D)(q3)

V

D∗+
s (p1)

D+
s (p2)

γ(p3)

(c)

D∗(K∗)(q1)

K(D)(q2)

K∗(D∗)(q3)

V

D∗+
s (p1)

D+
s (p2)

γ(p3)

(d)

D(K)(q1)

K∗(D∗)(q2)

K∗(D∗)(q3)

V

D∗+
s (p1)

D+
s (p2)

γ(p3)

(e)

D∗(K∗)(q1)

K∗(D∗)(q2)

K∗(D∗)(q3)

V

D∗+
s (p1)

D+
s (p2)

γ(p3)

(f)

D∗(K∗)(q1)

K(D)(q2)

K(D)(q3)

iMa(D,K,K∗, γ) =

∫
d4q3
(2π)4

gKK∗γgD∗
sDKgDsDK∗q2 · εs(q1 + p2)α

(
gαβ − qα3 q

β
3

m2
3̄

)
εβσµνε

σ
3 q
µ
3 p

ν
3

(q21 −m2
1)(q

2
2 −m2

2)(q
2
3 −m2

3)
F(q2i ),

iMa(K,D,D∗, γ) =

∫
d4q3
(2π)4

gD∗
sDKgD∗DsKgD∗Dγq1 · εsqµ1

(
gµν − q3µq3ν

m2
3

)
ενσαβε

σ
3 q
α
3 p

β
3

(q21 −m2
1)(q

2
2 −m2

2)(q
2
3 −m2

3)
F(q2i ).
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Formalism

Contact diagrams induced by the requirement of gauge invariance:

γ(p3)

D+
s (p2)D∗+

s (p1)

(a)

D∗(K∗)(q1)

K(D)(q2)

γ(p3)

D+
s (p2)D∗+

s (p1)

(b)

D∗(K∗)(q1)

K(D)(q2)

γ(p3)

D+
s (p2)D∗+

s (p1)

(c)

D∗(q1)

K∗(q2)

γ(p3)

D+
s (p2)D∗+

s (p1)

(d)

D∗(q1)

K∗(q2)

(a) ✓, (b) ×, (c) ×, (d) ×
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Formalism

Meson-photon coupling constants in the VMD model:

gK+K+γ =i(gρ0K+K−
em2

ρ0

fρ0
Gρ0 + gωK+K−

em2
ω

fω
Gω + gϕK+K−

em2
ϕ

fϕ
RGϕ) ,

gK0K0γ =i(gρ0K0K̄0

em2
ρ0

fρ0
Gρ0 + gωK0K̄0

em2
ω

fω
Gω + gϕK0K̄0

em2
ϕ

fϕ
RGϕ) ,

gD+D+γ =i(gρ0D+D−
em2

ρ0

fρ0
Gρ0 + gωD+D−

em2
ω

fω
Gω + gϕD+D−

em2
ϕ

fϕ
RGϕ) ,

gD0D0γ =i(gρ0D0D̄0

em2
ρ0

fρ0
Gρ0 + gωD0D̄0

em2
ω

fω
Gω + gϕD0D̄0

em2
ϕ

fϕ
RGϕ) .

(25)

where R = 0.8 is the SU(3) flavor-symmetry-breaking parameter for process involving the strange
quark pair.
The total radiative decay amplitude can be expressed as

iMD∗+
s →D+

s γ
= i(gγtree + gγloop)εµναβp

µ
1p
ν
3ε
α
1 ε
β
3 ≡ ig

γ
totalεD∗+

s
· (pD+

s
− pπ0) . (26)
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3 Results and Discussions



Results and Discussions

The numerical values of the coupling constants

Table: The values of the V PP coupling constants.

Coupling Constant gD∗+
s D0K gD+

s D0K∗ gD∗0D0π gD∗−D+π gD∗+
s D+K gD∗0D+

s K
gD+

s D+K∗ gD∗+D+
s K

gV PP

Numerical Value 18.40 3.84 17.29 −17.33 18.42 17.77 3.84 17.78 4.18

Table: The values of the V V P coupling constants.

Coupling Constant gD∗+
s D∗0K fD∗0D+

s K∗ fD∗
sD

0K∗ gD∗0D̄∗0π0 gD∗+D∗−π0 gV V P

Numerical Value(GeV−1) 7.81 2.38 2.47 8.94 −8.94 7.93
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Results and Discussions

Table: The values of the V V V coupling constants.

Coupling Constant gV V V gD∗+
s D∗0K∗ fD∗

sD
∗0K∗

Numerical Value 4.47 3.83 4.79

Table: The values of the electromagnetic coupling constants in VMD model.

Coupling Constant gK∗+K+γ gK∗0K0γ gD∗0D0γ gD∗+D+γ

Numerical Value(GeV−1) −0.288 + 0.063i 0.369 + 0.062i −0.383− 0.082i 0.492 + 0.082i
Coupling Constant gK∗+K∗+γ gK∗0K∗0γ gD∗0D∗0γ(fD∗0D∗0γ) gD∗+D∗+γ(fD∗+D∗+γ)
Numerical Value −0.162− 0.035i 0.208 + 0.034i −0.139− 0.031i(−0.695− 0.152i) 0.178 + 0.030i(0.892 + 0.150i)

Coupling Constant gK+K+γ gK0K0γ gD0D0γ gD+D+γ

Numerical Value −0.288 + 0.063i 0.369 + 0.062i −0.383− 0.082i 0.492 + 0.082i
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Results and Discussions

Numerical results

10-4

10-3

10-2

10-1

100

101

102

1.0 1.2 1.4 1.6 1.8 2.0

Table: Comparisons of the partial decay width
of D∗+

s → D+
s π

0. The decay widths are in the
uints of eV. The uncertainties of our result are
given by α = 1.5± 0.15.

CMa χPTb Our work
Γ(D∗+

s → D+
s π

0) 277+28
−26 8.1+3.0

−2.6 9.92+0.76
−0.66

aCheung and Hwang Eur. Phys. J. C 76, 19
bYang et al. Phys. Rev. D 101, 054019
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Results and Discussions

Connection and difference between D∗+
s → D+

s π
0 and D∗+

s → D+
s γ

D∗+
s (p1)

D+
s (p2)

π0(p3)

η

D⇤+
s

D+
s

⌘/�

c

s̄

s̄

s

D∗+
s (p1)

D+
s (p2)

γ(p3)

V

D⇤+
s

D+
s

J/ 

s̄

c

c

c̄

Cancellation occurs between
the ϕ and J/ψ term.

The main uncertainties come from the gJ/ψDD̄ coupling with gJ/ψDD̄ = 7.0 ∼ 7.5.
Precise measurement of D∗+

s width can provide a strong constraint on this coupling.
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Results and Discussions

Table: Experimentally measured branching ratios and relative branching ratios of D∗+
s → D+

s π
0 and

D∗+
s → D+

s γ.

BR(D∗+
s → D+

s γ) BR(D∗+
s → D+

s π
0) BR(D∗+

s → D+
s π

0)/BR(D∗+
s → D+

s γ)

PDG 2 (93.6± 0.4)% (5.77± 0.35)% (6.2± 0.4)%
BESIII 3 (93.54± 0.38± 0.22)% (5.76± 0.38± 0.16)% (6.16± 0.43± 0.18)%

Table: Contributions of the tree diagram, loop diagrams, and the combination of tree and loop diagrams to the
partial decay width of D∗+

s → D+
s γ with α = 1.0, 1.35, 1.5, 1.65 and 2.0 in unit of eV and gJ/ψDD̄ = 7.23.

α 1.0 1.35 1.5 1.65 2.0

Γtree 153.89 153.89 153.89 153.89 153.89
Γloop 0.54 2.22 3.59 5.55 13.14
Γtotal 155.30 157.84 159.69 162.16 171.15

2Navas et al. Phys. Rev. D 110, 030001
3Ablikim et al. Phys. Rev. D 107, 032011
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Results and Discussions

Table: The partial decay widths of D∗+
s → D+

s π
0 and D∗+

s → D+
s γ, as well as the total width of D∗+

s as the
sum of both, for α = 1.5± 0.15 with gJ/ψDD̄ fixed at 7.23, and for gJ/ψDD̄ = 7.23± 0.06.

Γ(D∗+
s → D+

s π
0) Γ(D∗+

s → D+
s γ) Γtotal(D∗+

s )

α = 1.5± 0.15, gJ/ψDD̄ = 7.23 9.92+0.76
−0.66 159.7+2.5

−1.8 169.6+2.6
−2.0

α = 1.5± 0.15, gJ/ψDD̄ = 7.23± 0.06 9.92+0.76
−0.66 160+13

−12 170+13
−12

Table: The partial decay width of D∗+
s → D+

s γ and the total width of D∗+
s obtained using the experimentally

measured relative branching ratio and the calculated width of D∗+
s → D+

s π
0 with α = 1.5.

Γ(D∗+
s → D+

s γ) Γtotal(D∗+
s )

PDG4 160+10
−10eV 172+10

−10 eV
BESIII5 161+16

−16eV 172+16
−16 eV

4Navas et al. Phys. Rev. D 110, 030001
5Ablikim et al. Phys. Rev. D 107, 032011
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Summary and Outlook

Summary and Outlook

Isospin-violating decay D∗
s → Dsπ

0 and radiative decay D∗
s → Dsγ are studied in

the same framework.
Loop corrections are crucial for the D∗

s → Dsπ
0 decay, while they are negligible in

the radiative decay.
With the experimental data for the branching ratio fraction, we obtain a better
constraint on the coupling gJ/ψDD̄.
These mechanisms can also help us understand other isospin-violating decay
processes6.
The decay D∗

s → Dsπ0 is near the threshold of D∗
s , understanding this decay

channel will aid in comprehending other near-threshold dynamics.
Future precise measurement of the total width of D∗

s at BESIII is strongly
recommended.

6Study of Bc(1P )+ → B
(∗)+
c π0 Wang and Zhao arXiv hep-ph, 2507.19952
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